months after birth. We used a proportional hazards model to assess risk factors for earlier age at first detected infection, and linear mixed-effects models to evaluate the association of first detected H. pylori infection during infancy on attained height.
Results: 140 (77%) were infected before 12 months of age. Lower SES was associated with earlier age at first detected H. pylori infection (low vs. middle-to-high SES HR 1.59, 95% CI 1.16, 2.19; P=0.004), and greater exclusive breastfeeding was associated with reduced likelihood (HR 0.63, 95% CI 0.40-0.98, p = 0.04). H. pylori infection in infancy was not independently associated with growth deficits (P =0.58). However, children who had their first detected H. pylori infection in infancy (6-11 months) vs. early childhood (12-23 months) and who had an average number of diarrhea episodes per year (3.4) were significantly shorter at 24 months (-0.37 cm, 95% CI, -0.60, -0.15 cm; P =0.001).
Discussion: Lower SES was associated with a higher risk of first detected H. pylori infection during infancy, which in turn augmented the adverse association of diarrheal disease on linear growth.
INTRODUCTION
In resource-limited settings, the prevalence of Helicobacter pylori infection can be >80% (1) . First H. pylori infection and colonization has been shown to occur in the beginning months of life (2) (3) (4) . A longitudinal study in Bangladesh found that 49% of children were infected by 2 years of age based on stool antigen (5) . Infection may occur several times as children spontaneously clear the infection and become re-infected (1) . For example, a longitudinal study on the United States-Mexico border found that 77% had subsequently negative tests and 19% were re-infected (6) . Similarly, a small study in the southwest United States among Native Americans found that 15.9% of children experienced a transient infection. Risk factors associated with H. pylori infection in childhood relate to living conditions that may increase the risk of waterborne or feco-oral transmission, including low socioeconomic status (SES) and not boiling feeding bottles (7) .
The effect of recurrent infection on child health is poorly understood. Transient reduction in acid secretion may negatively affect growth through promotion of diarrheal disease (8) . Cross-sectional and longitudinal studies have shown that acute H. pylori infection is associated with growth deficits in children that can persist for months after infection (9) (10) (11) (12) . In Bangladesh, H. pylori positive children were more likely to be infected with multiple enteric pathogens (5). However, the mechanistic relationship between diarrhea and H. pylori infection and their combined association on childhood growth remains to be elucidated.
To examine further the role of infant first detected H. pylori infection on growth, we evaluated what factors may influence earlier age of first infection among a cohort of children in a shanty town outside Lima, Peru. We then assessed if acute first detected infection before the age of 12 months (i.e., infancy) compared to 12-23 months (i.e., early childhood) was 1) directly associated with growth deficits, or 2) modified the association of diarrheal disease on growth.
MATERIALS AND METHODS

Study setting
We conducted the study in Pampas de San Juan Miraflores and Nuevo Paraíso, two peri-urban shanty towns with high population density, 25 km south of central Lima (13, 14) . These peri-urban communities are comprised of 50,000 residents, the majority of whom are immigrants from rural areas of the Peruvian Andes who settled nearly 35 years ago and later claimed unused land on the outskirts of Lima. In the last two decades Pampas has undergone many economic and social developments. In 1989, most homes were temporary structures constructed of wooden poles and woven thatch, without water or sewage lines. Currently, >85% of homes were constructed from brick or cement with in-home water and sewage lines (15) . The study was approved by the European Union Ethics Committee, A.B. PRISMA and Universidad Peruana Cayetano Heredia, in Lima, Peru, and the Bloomberg School of Public Health, Johns Hopkins University, in Baltimore, USA. Mothers or caregivers provided written informed consent.
Study design
The study team keeps an ongoing vital status and birth census database in the study areas. Based on a sampling frame of all pregnant women from May 2007 to February 2011, we randomly selected pregnant women in Peru to participate in the study.
Exclusion criteria included: children with severe disease that required hospitalization, severe chronic illness, child of a multiple pregnancy, birth weight less than 1500 grams and intentions to move during the period of the study. Of 304 eligible children, 11 did not have available anthropometric data, 95 did not complete 500 days of surveillance and 11 did not have a baseline socioeconomic status (SES) data or carbon 13-labeled (C-13) urea breath test results (UBT) (Figure 1 ). Our analysis included a total of 187 children with complete data. Because almost all (>97%) children became infected with H. pylori in the first two years of life, we sought to compare first detected infection in the first 12 months (6-11 months) vs. the second 12 months of life (12-23 months).
Consequently, four children who were never infected during this period were excluded, for a final sample of 183 children.
We followed children from birth until 24 months. At enrollment, field workers asked caretakers to complete a questionnaire on socioeconomic and living conditions, including floor material, number of inhabitants, number of rooms, water source and storage, and durable assets. Field workers visited the household daily and obtained history on breast feeding and diarrheal symptoms, including consistency of feces, loss of appetite and intake of any antibiotics. Height (recumbent length) was measured weekly for the first three months, then twice per month between 3 months and one year of age, and then monthly thereafter. Height was measured with a locally made wooden platform with sliding footboard.
Starting at 6 months of age, C-13 UBT was repeated on average of every three months as previously described (16) . C-13 UBT was performed after at least four hours of fasting. The children drank 100 mL of water containing 50 mg of C-13 urea (Eurisotop ≥ 99.00% chemical purity, Paris, France) through a straw. Trained staff collected breath samples using a face mask with unidirectional valve into a breath bag, and sent them to the Laboratory of Research in Bacteriology (LPB), Belo Horizonte, Brazil, where they were analyzed within one month after sample collection with a non-dispersive infrared spectrometer (Wagner Analysen Tecnik, Bremen, Germany).
An increase in the ratio of C-13 to C-12 between the baseline sample and 30 minute sample delta over baseline values ≥4% were considered indicative of active infection, while <4% were considered negative (16) . The cutoff value adopted was based on the results of our previous study evaluating 908 randomly selected samples from the same population (16) . In that study, we showed an excellent agreement between C-13 UBT and an ELISA using a pool of monoclonal antibodies to detect H. pylori antigens in stool (kappa coefficient of 0.93; 95% CI 0.91-0.96), which points to a good accuracy of each test for the diagnosis of H. pylori infection in young children.
Definitions
In children aged >3 months, a diarrheal episode began if the child had >3 liquid or semiliquid (loose) stools in 24 hours and if the mother reported diarrheal symptoms on that day. Because exclusive breastfeeding is associated with a greater frequency of loose stools, we used a more conservative definition of diarrheal episodes for young infants.
Specifically, we defined a diarrheal episode in children aged <3 months as >6 loose stools in 24 hours with maternal report of symptoms on that day. We defined resolution of a diarrheal episode if there were <3 loose stools for children aged >3 months or <6 loose stools for children aged <3 months for two consecutive days. The age of first H.
pylori infection was the age in months of the first positive result by UBT: H. pylori infection in infancy was defined as the first positive result before 12 months of age.
Height was reported in centimeters to the nearest millimeter. We calculated Z-scores according to the WHO MGRS standard (17) . We calculated a SES score using principal component analysis (PCA) per the DHS wealth index (18, 19) using the following variables: number of rooms in the home, number of rooms used as bedrooms, number of persons that sleep in the same bedroom, primary source of water, location of feces elimination, and ownership of a refrigerator, radio, black/white TV, color TV, DVD/VHS player, stereo, telephone and animals for breeding or pets. The first principle component was stratified into tertiles low, middle and high.
Biostatistical methods
We performed proportional hazards regression to evaluate factors associated with earlier age of first detected H. pylori infection. Namely, we evaluated the role of SES and exclusive breastfeeding in the first six months, adjusting for differences in sex, height, diarrheal episodes, and antibiotic use. We utilized the Andersen-Gill model to account for time-varying covariates (20) . Events were time to first H. pylori infection, and the time metric was age in months. The four children who did not have H. pylori infection were included in this analysis, as administratively censored. Variables included sex, SES level, and percent of visits with reported exclusive breastfeeding in the first 6 months (as a measure of early weaning) as fixed covariates, and attained HAZ, attained days of diarrhea, and attained days of antibiotics as time varying covariates during periods between anthropometric visits.
We used a linear mixed effects model to determine the effect of first instance of H. pylori infection on growth in height. To evaluate height across age, we used truncated polynomial splines at 3, 6, 12, and 18 months, with a random intercept and slope to model heterogeneity across children, and a first order continuous autoregressive error to model serial correlation (See Online Supplement). We assessed goodness-of-fit by examining standardized residuals, a variogram of residuals and pairwise scatterplots of the residuals at multiple time points (21) . Potential confounders included in the model were those that may have an impact on longitudinal growth, namely sex, percent of exclusive breastfeeding in the first 6 months, cumulative number of diarrheal episodes between birth and 24 months, antibiotic use in the two weeks prior to first detected infection, and SES tertile. In the final model, interaction terms were included between SES and age, and between infant H. pylori infection and diarrhea.
Analyses were conducted on STATA 12 (StataCorp, College Station, USA) and R (www.r-project.org).
RESULTS
Participant Characteristics
Of 183 children with H. pylori infection before 24 months of age, 140 (77%) had their first detected infection in infancy. We summarize baseline characteristics in Table 1 . At enrollment, 17 (9%) children were stunted, but none were wasted. Thirty-seven percent were in the lowest SES tertile and 86% had 24-hour access to water in the home.
Household characteristics were similar between children infected by H. pylori before or after 12 months of age (Table 1) . On bivariate analysis, children who had their first detected H. pylori infection after 12 months were on average 1.5 cm taller than children whose first infection was in infancy (median 53.2 cm vs. 51.7 cm, P = 0.04).
Risk factors for early H. pylori acquisition
187 children (183 positive for H. pylori and 4 negative for H. pylori by UBT in the first 2 years of life) contributed 1,752 child-months. We found that the earlier age to H. pylori infection was greater in children in the lowest SES tertile (Figure 2 , log-rank test P =0.03). Adjusting for sex, breastfeeding, attained HAZ, attained days of diarrhea and attained days on antibiotic, the Andersen-Gill model suggested that low SES tertile was associated with a significantly earlier time to first detected H. pylori infection compared to those in the middle or highest SES tertiles in the first 24 months after birth (Table 2; Hazard Ratio (HR)=1.59, 95% Confidence Interval (CI) 1.15, 2.19; P =0.004). Greater percent of reported exclusive breastfeeding in the first 6 months was associated with reduced likelihood of earlier infection (HR=0.63, 95% CI 0.40, 0.98; P =0.04).
Association of H. pylori infection in infancy on linear growth
Among the 183 children who were infected before 24 months, 7,251 measures of height were taken (range 22-44 per child). Lower SES significantly reduced growth velocity (P =0.01), so we included an interaction term between SES and age in our final model (See Online Supplement). In addition, children who had the mean number of diarrheal episodes (mean=6.8, SD=4.4) in the first 24 months of life had a significant reduction in height of 0.27 cm (95% CI -0.47, -0.06, P =0.01) compared to those without diarrheal disease.
First detected H. pylori infection in infancy (6-11 months) vs. early childhood (12-23 months) did not have an independent association on height compared to infection in early childhood, after adjusting for SES, breastfeeding, antibiotic use prior to infection, and cumulative diarrheal episodes (P =0.58). Instead, we found a significant, adverse interaction between H. pylori infection in infancy and diarrheal on height (P =0.03).
Specifically, children with H. pylori infection in infancy vs. early childhood and who had the mean number of diarrheal episodes had a 0.37 cm reduction in height over 24 months compared to children who had their first infection in early childhood (Table 3; 95% CI -0.60, -0.15 cm, P =0.001). This deficit corresponded to a 0.11 reduction in standard deviations in both boys and girls at 24 months.
DISCUSSION
In this prospective cohort of children 0 to 24 months in Peru, we found that factors including low socioeconomic status and reduced exclusive breast feeding in the first six months were associated with earlier age of first detected H. pylori infection. While H. pylori infection during infancy vs. early childhood was not directly related to growth deficits, it may modify the effects of diarrheal disease on height.
The relationship between childhood H. pylori infection and socioeconomic status has been well established, with lower levels predicting higher prevalence of infection (22) (23) (24) . At the same time, improvements in living conditions have been associated with reduced prevalence (23) . However, the majority of these studies are retrospective, investigating how early life influenced adult chronic infection (24, 25) . A study in Bangladesh found a relationship between parental illiteracy and infection in the first two years of life (5) . A longitudinal study in the Gambia did not find an association between socioeconomic status and early colonization, but suggested that their population was too homogenous to see an effect (2). We found that lower socioeconomic status was associated with earlier age of first infection, independent of sex, breastfeeding, days of diarrheal disease and antibiotic use, and height-for-age. This is consistent with past studies in Peru that demonstrated that risk of infection occurs early in children, and that socioeconomic factors such as water source have a strong association with the probability of infection (26, 27) . Because of the limited sample size, there was insufficient power to assess more specific proximal factors related to low SES associated with earlier age of H. pylori. Further research is required to elucidate particular determinants of early infection and possible interventions for prevention.
We also found that greater exclusive breast feeding in the first six months was associated with a reduced likelihood of earlier age at first infection. A meta-analysis found that breast-feeding led to an overall 32% reduction in odds of H. pylori infection (28) . However, they were unable to assess a dose-response based on the studies evaluated. A study in Bangladesh was unable to find an association between exclusive breast feeding and mixed-feeding and H. pylori infection in the first two years of life (5).
In our analysis, we found that greater percent of exclusive breast feeding in the first 6 months was associated with 37% reduction in likelihood of earlier age of first infection. It has been hypothesized that breast milk provides IgA antibodies specific to H. pylori, and may prevent gut adherence (29) (30) (31) . For example, in the Gambia, early colonization was prevented in infants who had urease-specific IgA antibodies (29) . In the context of our findings, further research that identifies how to delay H. pylori infection may also reduce deficits in childhood growth.
Other longitudinal studies in resource-poor settings have suggested that H. pylori infections in childhood can affect growth. A study in the Gambia found that early colonization in the first few months of birth by H. pylori was associated with height and weight deficits (2). In Ecuador, new H. pylori infections were associated with a 9.7 mm/year reduction in growth velocity among children with an average age of 19 months (12) . In Colombia, a longitudinal study found that new infection in older children (12 to 60 months) was associated with a 0.24 cm cumulative reduction in height (10) . In our study, while bivariate analysis suggested a height deficit in children infected in infancy, we did not find an independent relationship between age at first detected H. pylori infection and height. However, it is important to note that our exposure comparison was first detected infection in 6-11 months vs. 12-23 months. These past studies show that H. pylori infection even after 12 months can impact growth, and so we may not expect to see direct differences between these groups.
We found that having the average number of diarrheal episodes was associated with a significant reduction in height at 24 months. The relationship between childhood diarrheal disease and growth faltering is well characterized (32, 33) . Peruvian children who had diarrheal disease during 10% of their first 24 months were associated with 1.5 cm growth deficit compared to children without diarrheal episodes (34) . Moreover, the odds of stunting at 24 months was found to be proportional to additional diarrheal episodes in a multi-country analysis (35) . In our study, we found that the average number of diarrheal disease episodes over 24 months was associated with a 0.27 cm reduction in height at 24 months (i.e., a reduction of approximately 0.08 standard deviations). This association is smaller than past studies, and reflects how development in this community, such as improved access to clean water and sanitation, can reduce the comorbidities of disease in similar settings.
The mechanistic relationship between H. pylori and diarrheal disease has yet to be established. Several studies suggest that diarrheal disease is a mediator of the association of acute H. pylori infection on growth, through a transient hypochlorhydria that may reduce innate barriers and promote diarrheal disease (36, 37) . For example, a longitudinal cohort in Peru among children 6 months to 12 years found that new H. pylori infection was associated with greater frequency and length of diarrheal disease compared to those who were either uninfected or persistently infected (38) . However, chronic infection may behave differently; a prospective study in Thailand did not find a role of chronic H. pylori infection on incidence of childhood diarrhea (39) . Other studies actually suggest that chronic H. pylori infection is protective against diarrheal disease through mechanisms such as a non-specific immune response to chronic inflammation, greater secretion of IgA, and H. pylori-produced antimicrobial peptides (40) .
The findings of this study suggest that first detected H. pylori infection in infancy is associated with greater adverse effects of diarrheal disease on growth. We found that children who had the average number of diarrheal episodes and were first infected by H. pylori during infancy had a significant reduction in height of 0.37 cm at 24 months.
The interaction between diarrheal disease and early H. pylori infection may occur because H. pylori promotes more severe forms of disease. A case-control study in Bangladesh found that while H. pylori was not associated with greater prevalence of cholera, it was related to life-threatening disease among those who had not been exposed to cholera before (41) . H. pylori infection has also been associated with micronutrient deficiencies (8, 42, 43) , which may affect the ability to defend against diarrheal disease. Finally, first infection with H. pylori may just be a marker of enteric enteropathy (44, 45) . Specifically, children who acquire H. pylori at an earlier age are also those who may have an earlier burden of enteropathogenic infections, with or without diarrhea, which in turn affects growth adversely. Further research is required to better understand the mechanisms, but our findings suggest that not only mediation, but also interaction, could be considered in the relationship between diarrheal disease and early first H. pylori infection.
This study has the advantages of being a prospective cohort study that followed children for up to 24 months in a resource-limited setting with high prevalence of H. pylori infection. Past studies in Latin America have focused primarily on children greater than one year of age, and thus were able to investigate the epidemiology of H. pylori in infancy. Moreover, repeated measurements in our study allowed for longitudinal data analysis to more accurately model growth in children, while also allowing time-varying covariates in the time to event analysis. Our study also has some potential shortcomings. First, the high prevalence of H. pylori infection in the 24 months of followup did not allow comparison with those who were not infected during this time. Also, food intake data was not collected to evaluate for differences in nutrition beyond anthropometry. We would have benefited from a larger sample size to evaluate proximal factors such as water source and fecal elimination on early age of infection. Testing for H. pylori began at 6 months of age, and so first infection may have occurred earlier.
While those who had their first infection after 12 months may have had fewer tests and thus less likely to be found positive earlier, any potential misclassification would lead to a more conservative estimate. Moreover, our analysis of first detected H. pylori infection does not distinguish transient from persistent infection; however, past studies support that young children have a high rate of transient infection (6, 46) , and so age of first infection may serve as a marker of when recurrent infections begin. Lastly, we limited our sample to the group of children with at least 500 days of surveillance. While it is possible that we may have introduced a bias by restricting our analysis to this group of children, we believe that the bias is likely small because our analyses are based on internal comparisons using longitudinal data with a reasonable length of follow-up.
In our setting where infection with H. pylori is endemic, we found that there was a high burden of infant H. pylori infection. Socioeconomic status was a strong predictor of early first infection, suggesting that interventions that target improved living conditions and prevention of early infection may reduce growth faltering. At the same time, exclusive breastfeeding has the potential to delay early acquisition and promote growth. 
